ALGEBRA.
signs. If ore exhaustive researches led Grassmann to regard as the sum of several points their center of gravity, as the product of two points the finite line-segment between them, as the product of three points the area of their triangle, and as the product of four points the volume of their pyramid. Through the study of the Barycentrischer Calcul of Mobius, Grassmann was led still further. The product of two line-segments which form a parallelogram was called the "external product" (the factors can be permuted only by-a change of sign), the product of one line-segment and the perpendicular projection of another upon it formed the "internal product" (the factors can here be permuted without change of sign). The introduction of the exponential quantity led to the enlargement of the system, of which Grassmann permitted a brief survey to appear in Grunerfs Archiv (1845).*
Hamiltonf gave for the first time, in a communication to the Academy of Dublin in 1844, the values /, j, k, so characteristic of his theory. The Lectures on Quaternions appeared in 1853, the Elements of Quaternions in 1866. From a fixed point O let a linej be drawn to the point P having the rectangular co-ordinates x, y, z. Now if tf j, k represent fixed coefficients (unit distances on the axes), then
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